Recent work in rats has highlighted the key role of the testes in stress responses to heat shock proteins (HSPs) and P53. Hsp27/60 and P53 expression were significantly increased, resulting in sperm abnormalities, varicoceles, and testicular injury (Huo et al., 2008; Tousson, Bayomy, & Ahmed, 2018; Yu & Xu, 2005) . Research data indicate that in the fetal gonads, Hsp60 is expressed in the germ cells organized into sex cords and in the developing Leydig cells of the testis.
In the pubertal testis, Leydig cells were strongly labeled, spermatogonia and premeiotic spermatocytes were moderately labeled, and spermatids were unlabeled. In addition, in the human testis, Hsp60 was detected in spermatogonia and in the midpiece of spermatozoa, whereas no Hsp60 staining was observed in the epithelium of the epididymis (Lachance et al., 2010; Paranko, Seitz, & Meinhardt, 1996) . Meanwhile, in the testis of immature rhesus macaques, Hsp27/60/70/90 immunoreactivity was visible in gonocytes, spermatogonia, and in Sertoli cells, whereas interstitial cells were negative (Matsushita et al., 2013; Meinhardt, Seitz, Arslan, Aumüller, & Weinbauer, 1998) . In addition, gene expression in unperturbed tissue was influenced by the status of the P53 genotype and significant expression in the testis (Petibone, Kulkarni, Chang, Chen, & Morris, 2012) . Animals with asthenozoospermia have low levels of eight differential proteins, including HSPs (Zhao et al., 1990) .
Only a few studies have investigated HSP control of testis development and have identified certain genes related to sperm maturation to be important in normal testes function. Previously, our laboratory studies demonstrated that a high expression of HSPs could promote hair follicle development and breast secretion in yak (P. Yang et al., 2017) . However, the correlation between male sterility and Hsp27/P53 of cattle-yak is still unknown.
Currently, cattle-yak infertility is not only reflected in histology but also in the differential expression of related genes and proteins generated by sperm (Zeng et al., 2014) . Therefore, this study will provide a theoretical basis for hybrid sterility.
| MATERIALS AND METHODS

| Experimental animals
Cattle were sampled from the pasture in the Tibetan Plateau in Qinghai, China (Gu, Yang, Wang, & Jiang, 2015) . A total of 54 healthy cattle (24 cattle-yak and 30 yak) were included in this study (Table 1) . All cattle were kept under the same natural conditions (altitude, approximately 2,300 m; temperature, 2-5°C; and oxygen content, 14.97% ; Wiener et al., 2003) . Male cattle-yak without feeding value for herders were excluded; thus, no samples from the senile group were included. The cattle with conventional disease were considered healthy.
| Preparation of messenger RNA (mRNA) and proteins
Tissue samples were selected from healthy cattle. A total of 54 tissues were dissected, collected in frozen liquid nitrogen, and then stored at −80°C before use. The RNA from the cattle tissues were isolated using a TRIzol kit Invitrogen, Carlsbad, CA (R1100), and a reverse-transcription polymerase chain reaction (RT-PCR) was conducted to clone the complementary DNA (cDNA).
Frozen samples were ground in liquid nitrogen and transferred to centrifuge tubes with RIPA/PMSF (Solarbio, Beijing Solarbio Life Science and Technology Co. Ltd., Beijing, China). After fully blending and mixing until a pink color was obtained, the sample tubes were incubated on a spiral oscillator for 2 hr (200 r/hr) on ice. After centrifugation at 4°C for 10 min (12,000 r/hr), the complete divided protein was obtained. In addition, the total protein concentration for each sample was measured.
The total protein concentration was then adjusted to the same level, and 4× sample buffer at 100°C was added for 12 min to completely denature the proteins.
| Molecular cloning of Hsp27 and P53
The degenerate primers used to amplify the Hsp27 and P53 sequences were based on the published partial sequence of Hsp27 and P53 mRNA in the National Center for Biotechnology Information (NCBI) database.
(Accession No. for Hsp 27 and P53 are NM-001012670.2 and KF-682140.1 respectively). Primers for cloning the initial fragment of Hsp27 mRNA were designed according to the predicted conserved sequences in other B. cattle-yak animals ( Table 2 ). The amplified segments were inserted into the cloning vector pMD-18T and were transfected into Escherichia coli JM109 competent cells. The primers for 5′ Hsp27 and 3′ Hsp27 as well as 5′ P53 and 3′ P53 were designed using the sequencing data. Then, the segments from 5′ to 3′ Hsp27 and P53 from the firststrand cDNA were used for cloning and sequencing (Table 2) .
| Analysis of Hsp27/P53 protein
The open reading frames (ORFs) in the complete mRNA sequence of Hsp27/P53 were identified using an ORF finder (http://www.ncbi.nlm. nih.gov/projects/gorf/orfig.cgi), and then the nucleotide sequences were LIU ET AL. 
| Expression of the Hsp27/P53 gene in the testis tissues
The distributions of Hsp27/P53 in the tissues of cattle-yak and yaks were detected during the development of testicles. The expression levels of Hsp27/P53 in the different tissues were detected using quantitative real-time polymerase chain reaction (RT-PCR) (Invitrogen, Carlsbad, CA) with Hsp27/P53-specific primers. Actin was used as a reference gene to normalize the amount and quality of each cDNA because this gene is expressed constitutively in testis tissues (Gandre, Bercovich, & Kahana, 2003 was then washed four times with TBST and labeled with horseradish peroxidase-conjugated secondary antibody (1:4,000; Bioss, Beijing, China) for 2 hr at room temperature. After washing five times with 1× TBST, Hsp27/P53 was detected on the membrane using an enhanced chemilumescent detection kit (Beyotime, Shanghai, China).
The intensities of the bands on the blots were measured using a densitometric analysis system (Bio-Rad). The intensities of the β-actin bands were used for normalization (Gandre et al., 2003) .
| Immunofluorescence and immunohistochemical assays
The main organs and tissues of the cattle-yak and yak were fixed in a 4% paraformaldehyde solution at room temperature for hebdomad.
Tissue pieces were clipped and paraffin-embedded, and the sections were sliced, dried, and stored.
Samples were dewaxed using dimethyl benzene and then dehydrated with an increasing alcohol gradient for immunohistochemical staining to investigate the Hsp27 and P53 expression levels.
The endogenous peroxidase was eliminated with 3% deionized H 2 O 2 (18-22 min), and the sections were rehydrated and sealed with goat serum (18-22 min). After overnight incubation at 4°C with the primary rabbit anti-P53 and mouse anti-Hsp27 monoclonal antibodies (1:300; Abcam, Hong Kong, China), the sections were then incubated with the secondary antibody. Then, the labeled samples were counterstained with 3,3′-diaminobenzidine for nuclei observation and further analysis (Pelham & Bienz, 1982) . In addition, two antibodies showed different colors in immunofluorescence and redyeing of the nuclei was not necessary.
| Measurement and statistical analyses
The intensities in the WB images and immunofluorescence and immunohistochemical assays were measured using integrated optical density and Image-Pro plus 6.0 (Media Cybernetics, Rockville, MD).
Data were analyzed using SPSS 21.0 (SAS Institute, Cary, NC).
Spearman's correlation of coefficients was performed between βactin and sample protein levels. Other data were analyzed by oneway analysis of variance and Duncan's post hoc test. p <0.05 between groups were considered statistically significant (R. Hu et al., 2016 ).
| Ethics
The study was approved by the Animal Ethics Committee of Gansu was observed during adulthood, followed by the juveniles and calves.
The lowest expression level was found in newborns (p < 0.01). In contrast, as shown in Figure 4 , Ⅲ, in yak, the highest expression of Hsp27 was observed in the adults, followed by the juveniles, calves, and senior cattle, whereas the lowest expression level was observed in newborns (p < 0.01). However, the highest expression level of P53 was observed in senior cattle, followed by the adults and juveniles, 
| DISCUSSION
This study is the first to isolate, sequence, and characterize cDNA clones that encode Hsp27 and P53 from cattle-yak. Previous studies have found that the chaperone mechanism, with substrate-bound dimers, in a temperature-dependent equilibrium with higher assembly forms, has unfolded N-terminal arms (Van Montfort, Basha, & Friedrich, Slingsby, & Vierling, 2001) . Using our reference sequence, our analytical results showed that three ORFs in the Hsp27 sequence illustrated the frame-shifting property of the sequence. We also presented evidence that the susceptibility of trees to cattle-yak Hsp27 associated with yak, taurus, and goats was extremely high and that cattle-yak evolution with these animals had an extremely close genetic relationship. Previous studies reported that the phylogenetic trees showed that the yak Hsp90 evolutionarily shared a higher sequence identity with cattle-yak, B.
taurus and Capra hircus (P. . Thus, we concluded that yak have a close evolutionary and genetic relationship with the above animals. However, the diversity of the biological function of P53 family members is not reflected in differences in sequence-specific DNA binding (Brandt, Petrovich, Joerger, & Veprintsev, 2009 ). In addition, the results showed that the full-length P53 oligomeric mutants reveal that although cell-cycle arrest requires tetrameric P53, the transcriptional transactivation activity of monomers and dimers approximately retains their background while half of the wild-type changes (Davison et al., 2001) . Even more intriguing, the molecular data show that Hsp27 and the P53 gene could be used as a single-nucleotide polymorphism marker to evaluate the loss of genetic diversity caused by hatchery selection or an internal control gene in cattle-yak.
The gene expressions of Hsp27 and P53 were significant not only in the different species but also in the different testis developments of the same species. Studies have shown that the inhibition of Hsp27 phosphorylation retarded P53 induction and resulted in cell apoptosis.
Significantly, the increase in HSPs and decrease in P53 could protect and restore the damaged reproductive system in the rat testis (Xu et al., 2013) . In addition, in the cryptorchid testis, the staining for HSPs was stronger in germ cells (Tao et al., 2006) . Interestingly, these data also verify the controversies regarding the appropriate physiological function of testis tissues. Previously, Hsp60 and Hsp10 mRNA transcripts were the highest during the developmental phase, whereas the lowest levels were found in the resting phase of fish testis (Fang et al., 2017) . In addition, in the rabbit testis, Hsp60 showed no apparent change during the developmental progress, and Hsp90 increased at the second month and before the third month (Wu, Pei, & Qin, 2011) .
However, gene transcriptome studies found that compared with yak, cattle-yak showed significant apoptosis-related gene P53 expression in testicular tissue (Zeng et al., 2014) . We found that the gene expression of Hsp27 was high in juvenile and adult yak. However, P53 showed high expression in juvenile and adult cattle-yak. Thus, these results suggest that Hsp27 and P53 could regulate the testicular development of cattle.
We examined the expression altered by proteins in cattle-yak and yak to elucidate the mechanism by which Hsp27 and P53 affect the development of testicular tissue. Song, Zhao, and Yuan (2016) reported the inhibition of P38 and the reduced phosphorylation of P53, thus reducing the testicular germ cell apoptosis and postponing testicular senescence. In addition, studies have shown that the apoptosis was reduced when Hsp90 expression was inhibited (Y. Hu et al., 2018) . Therefore, we hypothesized that the P53 was a marker for male sterility in cattle-yak. Fortunately, P53 expression was generally higher than that of Hsp27 in the cattle-yak testicular tissue, especially in juveniles and adults. Previous studies demonstrated that the HSPs first increased and then decreased in the testicular development of the rabbit, and lower HSP expression led to a sperm quality lower than that of boar (Wu et al., 2011; Zannoni et al., 2017) .
Furthermore, Kumagai et al. (2000) reported that the scrotal temperature prevented the potential induction of apoptosis by P53.
Furthermore, the mechanisms indicate that the low expression of Hsp27 and the high expression of P53 were closely linked to the male sterility of cattle-yak.
Adly, Assaf, and Hussein (2008) and Meinhardt et al. (1995) reported that immunofluorescence showed Hsp27/60 localization in Sertoli and early primary spermatocytes, but it was absent in the Leydig cells of the testis. Volpe et al. (2008) and Welsh, Wu, Parvinen, and Gilmont (1996) proved that Hsp27 immunoreactivity was detected in Sertoli cells of the rat testis. Hsp60 was detected in the sperm midpiece of stallion, dog, cat, and boar. In stallion sperm, the Hsp70 signal was localized in the subequatorial band, whereas immunoreactivity was evident in the neck of dog spermatozoa and in both the neck and the subequatorial region of cat spermatozoa. In addition, Hsp90 was present in different portions of the sperm tail in the midpiece of both boar and cat spermatozoa and in the neck and throughout the tail in dog and stallion spermatozoa, respectively. The transcript data also showed that Hsp27 expression was detected in the yak testis in the primary spermatocytes, secondary spermatocytes, and sperm cells. Thus, we demonstrated that the positivity of Hsp27 promoted sperm maturation. Interestingly, our study demonstrated positive reactions of P53 at all levels of mesenchymal cells of cattle-yak testicular tissue, especially in primary spermatocytes. Biggiogera et al. (1996) , Michaud, Marin, Westwood, and Tanguay (1997) , and Stephan et al. (1996) found that strong Hsp22/27/70/90 and P53 immunoreactivity was observed in the nuclei of a number of spermatogonia and spermatids, and of some Sertoli cells and premeiotic spermatocytes. C. Liu, Gilmont, Benndorf, and Welsh (2000) and Mann, Patton, King, and Chan (2002) reported that high Hsp27 expression protected against sperm apoptosis when it received stimulation by high temperatures. However, P53 immunoreactivity was absent in mature spermatozoa in the lumen of the testicular tubules or the ductus epididymis. The results were slightly different between these studies.
However, the concrete mechanism is still not clear for this specific phenomenon and requires further research.
For all further analyses, we found high P53 expression in primary spermatocytes and Sertoli cells, especially in juvenile and adult cattle-yak.
It was also interesting to observe low P53 expression in primary spermatocytes, especially in young and adult yak. Socher, Yin, Dewolf, and Morgentaler (1997) showed the presence of the regulatory protein P53 in the first 1-2 days before the onset of germ cell loss after experimental unilateral cryptorchidism. These observations suggest a significant role for P53 in different developmental stages of the testis.
Even more remarkably, the mule, a classic example of hybrid sterility in mammals, also exhibits a similar spermatogenesis breakdown and failure at the first meiotic stage (Steiner & Ryder, 2013) . Overall, the high expression of P53 caused the blockage of development and induced apoptosis during the primary spermatocyte period, which affected sperm maturation, leading to male cattle-yak sterility.
| CONCLUSIONS
The following conclusions can be drawn from this study. The functional difference in Hsp27/P53 is caused by the change in the amino acid structure. Hsp27/P53 showed a differential expression in the testicles of cattle-yak and yak at different ages. In addition, Hsp27/P53 was mainly detected in spermatogenic cells and mesenchymal cells in the testicle. Hsp27/P53 showed a specific expression in yak and cattle-yak testicular tissue, and it had an important correlation with cattle-yak infertility.
